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(54) . A light emitting diode device that emits white light 



(57) A white-iight emitting diode (LED) is provided 
that emits primary light at a wavelength that is in the 
range of 485 to 515 nanometers (nm), which corre- 
sponds to a bluish-green color. A portion of the primary 
tight is converted into a reddish colored light that ranges 
in wavelength from approximately 600 to approximately 
620 nm. At least a portion of the converted light com- 
bines with the unconverted portion of the primary light 
to produce white light. A number of phosphor-converting 
elements are suitable for use with the LED, including a 
resin admixed with a phosphor powder, epoxies ad- 
mixed with a phosphor powder, organic luminescent 
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dyes, phosphor-converting thin films and phosphor-con- 
verting substrates. Preferably, the phosphor-converting 
element is a resin admixed with a phosphor powder in 
such a man ner that a portion of the primary light imping- 
ing on the resin is converted into the reddish-colored 
light and a portion of the primary light passes through 
the resin without being converted. The unconverted pri- 
mary light and the phosphor-converted reddish-colored 
light combine to produce white light. The LED is mount- 
ed in a reflector cup that is filled with the phosphor-con- 
verting resin. The LED may be mounted in either a nor- 
mal or flip-chip configuration within the reflector cup. 
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Description 

[0001 ] The present invention relates to a light emitting 
diode device and, more particularly, to a light emitting 
diode device that produces white light by combining pri- 
mary bluish-green light with phosphor-converted red- 
dish light to produce white light. 

[0002] Light emitting diode devices (LEDs) that are 
.utilized in green traffic lights emit a bluish-green light at 
wavelengths in the range of approximately 485 to 515 
nanometers (nm). The wavelength emission range is 
specified by law and is a very narrow subset of this 
range. When these LEDs are produced, they are tested 
to determine whether or not the emitted light is within 
the legally specified range. If the LEDs do not meet 
these specifications, they typically are discarded. 
[0003] With the development of efficient LEDs that 
emit light in the spectral range of 450 to 520 nanometers 
(nm), it has become feasible to produce LEDs that gen- 
erate white light through phosphor conversion of a por- 
tion of the primary emission of the LED to longer wave- 
lengths. An unconverted portion of the primary emission 
combines with the light of the longer wavelength to pro- 
duce white light. In order for an LED to produce white 
light that is good for illumination purposes (i.e., that has 
good color rendering capabilities), the primary emission 
should be at a wavelength of less than, for example, 480 
nm. However, if the LED is to be used only for signaling 
or display purposes, the primary emission can be at a 
wavelength of greater than 480 nm. Phosphor conver- 
sion of primary light at a wavelength of greater than 480 
nm will still produce light that appears white when 
viewed directly or through a diffusion screen on which 
the light impinges. Such an LED would be suitable for 
use in various types of displays and signaling environ- 
ments (e.g., pedestrian traffic lights), although it gener- 
ally would not be suitable for illumination purposes due 
to its poor color rendering characteristics. 
[0004] Pedestrian traffic lights are currently the only 
types of traffic lights that do not utilize LEDs. Pedestrian 
traffic lights generally use incandescent bulbs for sign- 
aling. These bulbs bum out relatively quickly and must 
be replaced relatively often. Itwould be desirable to pro- 
vide an LED that produces white light and that is suitable 
for this purpose and for other signaling and/or display 
purposes. LEDs consume less energy than incandes- 
cent bulbs and normally have lifetimes that are much 
greater than incandescent bulbs. Consequently, LEDs 
require less maintenance and can potentially provide a 
more economic solution than incandescent bulbs in 
these types of environments. 

[0005] Accordingly, a need exists for a white-light 
emitting LED that is suitable for signaling and/or display 
purposes. 

[0006] The present invention provides a white-light 
emitting diode (LED) that emits primary light at a wave- 
length that is in the range of approximately 485 to ap- 
proximately 515 nm, which corresponds to a color of blu- 



ish-green. A portion of the primary light is converted into 
a reddish-colored light that ranges in wavelength from 
approximately 600 to approximately 620 nm. At least a 
portion of the converted light combines with the uncon- 
5 verted portion of the primary light to produce white light. 
The LED comprises a substrate and a light-emitting 
structure, which is disposed on a surface of the sub- 
strate. The light-emitting structure emits the primary 
light that impinges on a phosphor-converting element to 
10 produce the reddish-colored light that combines with 
bluish-green light to produce white light. 
[0007] A number of phosphor-converting elements 
are suitable for use with the LED of the present inven- 
tion, including a resin admixed with a phosphor powder, 
15 epoxies admixed with a phosphor powder, organic lumi- 
nescent dyes, phosphor-converting thin films and phos- 
phor-converting substrates. Preferably, the phosphor- 
converting element is a resin admixed with a phosphor 
powder in such a manner that a portion of the primary 
20 light impinging on the resin is converted into the reddish- 
colored light and a portion of the primary light passes 
through the resin without being converted. The uncon- 
verted primary light and the phosphor-converted red- 
dish-colored light combine to produce white light. In ac- 
25 cordance with this embodiment, the LED is mounted in 
a reflector cup that is filled with the phosphor-converting 
resin. The LED can be mounted in either a normal or 
flip-chip configuration within the reflector cup. 
[0008] Other features and advantages of the present 
30 invention and variations thereof will become apparent 
from the following description, drawings and claims. 
[0009] Fig. 1 is a perspective view of the LED of the 
present invention in accordance with a first embodi- 
ment, wherein the LED is disposed within a reflector cup 
35 that is filled with a phosphor-converting resin. 

[0010] Fig. 2 is a perspective view of the LED of the 
present invention in accordance with a second embod- 
iment, wherein the LED is disposed in a flip-chip config- 
uration within a reflector cup that is filled with a phos- 
40 phor-converting resin. 

[001 1 ] Fig. 3 is a plan view of a diffusing element that 
may be utilized with the white-light emitting LED of the 
present invention shown in FIGS. 1 and 2 to provide a 
light-emitting device that is diffuse in nature and thus 
45 suitable for signaling and/or display purposes. 

[0012] Fig. 1 is a perspective view of the light emitting 
diode (LED) 1 of the present invention in accordance 
with a first embodiment, wherein the LED is mounted 
within a reflector cup. The LED 1 of the present invention 
50 is not limited to any particular LED design, except that 
it must be capable of emitting primary light that ranges 
in wavelength from approximately 485 nm to approxi- 
mately 515 nm, which generally is a bluish-green color. 
As stated above, LEDs that are designed for use in 
55 green traffic lights produce light of a bluish-green color. 
Preferably, such an LED is utilized in accordance with 
the present invention because LEDs that are designed 
for that particular purpose that do not meet the afore- 
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mentioned specifications are typically discarded. The 
present invention can make use of such LEDs to pro- 
duce white-light emitting LEDs that are suitable for sig- 
naling and/or display purposes, but which generally are 
not designed to meet industry standards for illumination. 
[0013] The LED 1 comprises, for example, a light 
emitting structure 2, which comprises two n-GaN layers 
3 and 4, a SQW or MQW Gal nN layer 5, a p-AIGaN layer 
6 and a p-GaN layer 7. The light emitting structure 2 also 
comprises an n-electrode bond pad 8, an n-electrode 3, 
a p-electrode bond pad 1 1 and a p-electrode 1 2. The n- 
electrode 3 is comprised of GaN. The electrode bond 
pads 8 and 11 , when connected to a power supply (not 
shown), provide the biasing current that causes the LED 
1 to emit the primary lightthat is bluish-green and ranges 
in wavelength from approximately 485 to approximately 
515 nm. 

[0014] It should be noted that the materials used for 
creaiing the LED 1 are not limited to the materials dis- 
cussed above with reference to FIG. 1 . Those skilled in 
the art will understand that the LED 1 can be comprised 
of various types of materials. As stated above, the LED 
1 is not limited to any particular type of LED, with the 
exception that the LED device utilized in accordance 
with the present invention by one that emits a primary 
light that is bluish-green in color and ranges in wave- 
length from approximately 485 to 515 nm. Those skilled 
in the art will understand that various LEDs are known 
that are suitable for this purpose. 
[0015] The light emitting structure 2 that generates 
the primary emission preferably is grown epitaxial ly on 
either a sapphire (Al 2 0 3 ) or silicon carbide (SiC) sub- 
strate 13, which are both transparent to the primary 
emission. In accordance with the embodiment shown in 
FIG. 1 , the LED 1 is mounted in a reflector cup 1 6 in a 
configuration that is commonly referred to as a "normal" 
mounting configuration. The reflector cup preferably is 
filled with a phosphor-converting resin 17. Alternatively, 
the reflector cup 16 could be filled with an epoxy or a 
luminescent dye. During operation, when the LED 1 is 
driven, primary radiation emitted by the LED 1 impinges 
on the phosphor-converting resin 17. A portion of the 
primary radiation impinging on the resin 1 7 is converted 
by the resin 1 7 into reddish light. The reddish light rang- 
es in wavelength from approximately 600 to approxi- 
mately 620 nm. An unconverted portion of the primary 
radiation passes through the resin and combines with 
the reddish light to produce white light. 
[001 6] Fig. 2 is a perspective view of the LED 1 of the 
present invention in accordance with an alternative em- 
bodiment, wherein the LED 1 is mounted within the re- 
flector cup 16 in a "flip-chip" mounting configuration. 
Therefore, the various components of the LED 1 will not 
be reiterated. In a flip-chip mounting configuration, the 
p-electrode bond pad 1 1 is electrically coupled by a con- 
ductive element (not shown) to the inner surface of the 
reflector cup 1 6, which is comprised of a conductive ma- 
terial. As with the embodiment shown in Fig. 1 , the re- 



flector cup 16 preferably is filled with a phosphor-con- 
verting resin 17. Alternatively, the reflector cup could be 
filled with a phosphor-converting epoxy or with a phos- 
phor converting dye. The substrate 13 is transparent 

5 and the p-electrode 1 2 is reflective such that the primary 
emissions generated by the light emitting structure are 
reflected away from the p-electrode 12 and pass 
through the substrate 13 and into the resin 17. As with 
the embodiment shown in Fig. 1 , the substrate 13 may 

10 be comprised of a variety of materials, including sap- 
phire and silicon carbide, both of which are transparent 
to the primary emission. However, in accordance with 
the embodiment shown Fig. 2, the p-electrode 12 is re- 
flective, whereas with the embodiment shown in Fig. 1 , 

15 the p-electrode 1 2 is transparent. 

[0017] It should be noted that the primary light may 
comprise light having more than one wavelength. Sim- 
ilarly, the light emitted by the phosphor-converting ele- 
ment in response to excitation by the primary light may 

20 comprise light of more than one wavelength. For exam- 
ple, the primary light emitted by the light emitting struc- 
ture 2 may correspond to a plurality of wavelengths mak- 
ing up a spectral band. Likewise, the reddish-colored 
light emitted by the resin 1 7 may correspond to a plural- 

25 tty of wavelengths making up a spectral band. Wave- 
lengths in these spectral bands may then combine to 
produce white light. Therefore, although individual 
wavelengths are discussed herein for purposes of ex- 
plaining the concepts and principles of the present in- 

30 vention, it will be understood by those skilled in the art 
that the excitation being discussed herein may be 
caused by and result in the emission of a plurality of 
wavelengths, or a spectral band. Therefore, the term 
"spectral band" is intended to denote a band of at least 

35 one wavelength and of potentially many wavelengths. 
The term "wavelength" is intended to denote the wave- 
length of the peak intensity of a spectral band. 
[001 8] The phosphor-converting resin 17 preferably is 
a resin comprising phosphor selected from the phos- 

40 phor family chemically identified as (Sr,Ca,Ba)S:Eu 2 +. 
One phosphor selected from this family is strontium 
sulfide doped with europium, which is chemically de- 
fined as SrS:Eu 2+ and which has a peak emission at 61 0 
nm. However, other phosphors may be admixed with 

45 resin to produce the phosphor converting resin 17, as 
will be understood by those skilled in the art. Rather than 
using phosphor-converting resins, dyes or epoxies, oth- 
er types of phosphor converting elements may also be 
used, including phosphor-converting thin films, phos- 

so phor-converting substrates, or various combinations of 
these elements. Phosphor-converting thin films and 
phosphor-converting substrates that are suitable for this 
purpose are disclosed in copending U.S. patent appli- 
cations Serial Nos. 09/407,231, 09/407,228 and 

55 09/405,938, all filed on September 27, 1 999, which are 
assigned to the assignee of the present application and 
which are hereby incorporated by reference herein in 
their entirety. 
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[0019] These applications also discuss the manner in 
which these phosphor converting elements may be uti- 
lized to perform phosphor conversion. The manner in 
which these various types of phosphor-converting ele- 
ments can be used in accordance with the LED of the 5 
present invention to convert a portion of the primary blu- 
ish-green light emitted by the LED into a reddish-colored 
light that combines with the unconverted portion of the 
primary bluish-green light to produce white light will be 
understood by those skilled in the art. Therefore, the 1 o 
manner in which these phosphor-converting elements 
can be utilized in accordance with the present invention 
will not be discussed herein. 

[0020] The LED of the present invention will produce 
white light that is suitable for signaling and display pur- is 
poses, but generally not for illumination purposes. When 
one or more LEDs of the present invention are used in 
conjunction with a diffusing element, such as the diffus- 
ing element 25 shown in FIG. 3, the roughened nature 
of the diffusing element, which is intended to be repre- 20 
sented by the hash marks 26 of the diffusing element 
25, will cause the white light to be diffuse, or spread out 
or soften. The diffusing element 25 could represent the 
frosted diff user plate of a pedestrian "WALK" traffic light, 2. 
for example. Those skilled in the art will understand the 25 
manner in which the LED of the present invention could 
be used with various types of diffusers to provide useful 
functions. It should also be noted that the diffuser could 
simply be the front surface of the resin dome covering 3. 
the LED. 30 
[0021] It should be noted that the present invention 
has been described with respect to various embodi- 
ments in order to illustrate the concepts and principles 
of the present inventions. However, the present inven- 
tion is not limited to these embodiments. Those skilled 35 
in the art will understand that various modifications can 
be made to the embodiments discussed herein that are 4. 
within the scope of the present invention. For example, 
although the present invention has been discussed with 
respect to an LED comprised of certain materials, those 40 
skilled in the art will understand that the present inven- 
tion is not limited to an LED comprised of those materi- 
als. Also, although the present invention has been de- 
scribed in detail with respect to the reflector cup mount- 5. 
ing configurations shown in Figs. 1 and 2, those skilled 45 
in the art will understand that the present invention is 
not limited to these particular mounting configurations. 
Similarly, the present invention is not limited exclusively 6. 
to the phosphor-converting elements discussed herein. 
Those skilled in the art will understand that variations so 
can be made with respect to ail of these aspects of the 
embodiments discussed above without deviating from 7. 
the scope of the present invention. 
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white light, the light emitting diode device compris- 
ing: 

a light emitting device, the light emitting device 
emitting primary radiation when driven, the pri- 
mary radiation having at least one wavelength 
in the range of approximately 485 to approxi- 
mately 515 nanometers (nm); and 
a phosphor-converting element located to re- 
ceive primary radiation generated by the light 
emitting device, the primary radiation impinging 
on the phosphor converting element, wherein 
a first portion of the primary radiation received 
by the phosphor-converting element passes 
through the phosphor-converting element and 
remains unconverted, and wherein a second 
portion of the primary radiation received by the 
phosphor-converting element is converted into 
light of a longer wavelength than the primary 
radiation, and wherein the first portion of the pri- 
mary radiation and the light of the longer wave- 
length combine to produce white light. 

The light emitting diode (LED) device of claim 1, 
wherein the light of the longer wavelength includes 
at least one wavelength in the range of approxi- 
mately 600 to 620 nm. 

The light emitting diode (LED) device of claim 1 , fur- 
ther comprising: 

a reflectorcup, thesubstrate, the light emitting 
device and the phosphor converting element being 
disposed within the reflector cup, the reflector cup 
having an opening throggh which white light pro- 
duced by the LED device passes. 

The light emitting diode (LED) device of claim 3, 
wherein the phosphor converting element includes 
a resin admixed with phosphor, and wherein the re- 
flector cup is filled with the resin mixture to an extent 
that the substrate and the light emitting device are 
substantially submerged in the resin mixture. 

The light emitting diode (LED) device of claim 4, 
wherein the LED device is utilized for signaling pur- 
poses. 

The light emitting diode (LED) device of claim 4, fur- 
ther comprising a diffusion screen for display pur- 
poses. 

The light emitting diode (LED) device of claim 4, 
wherein the substrate is transparent to the primary 
radiation, and wherein the LED device is mounted 
in a "flip-chip" mounting configuration within the re- 
flector cup. 



1. A light emitting diode (LED) device for generating 8. The light emitting diode (LED) device of claim 4, 
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wherein the substrate is opaque to the primary ra- 
diation, and wherein the LED device is mounted in 
a "normal" mounting configuration within the reflec- 
tor cup. 

9. The light emitting diode (LED) device of claim 4, 
wherein resin is admixed with phosphor selected 
from the phosphor family chemically identified as 
(Sr t Ca,Ba)S:Eu 2+ . 

10. The light emitting diode (LED) device of claim 9, 
wherein the phosphor is strontium sulfide doped 
with europium, which is chemically defined as SrS: 
Eu 2+ . 

11. The light emitting diode (LED) device of claim .3, 
wherein the phosphor converting element is an 
epoxy admixed with phosphor, the reflector cup be- 
ing filled with the epoxy mixture to an extent that the 
substrate and the light emitting device are substan- 
tially submerged in the epoxy mixture. 



10 



wherein the substrate is transparent to the primary 
radiation, and wherein the LED device is mounted 
in a "f lip-chip" configuration within the reflector cup. 

20. The light emitting diode (LED) device of claim 16, 
wherein the substrate is opaque to the primary ra- 
diation, and wherein the LED device is mounted in 
a "normal" mounting configuration within the reflec- 
tor cup. 

21. The light emitting diode (LED) device of claim 1, 
wherein the phosphor converting element is a phos- 
phor-converting thin film. 



15 22. A light emitting diode (LED) device of claim 1, 
wherein the phosphor-converting element is a 
phosphor-converting substrate, the phosphor-con- 
verting substrate, the light emitting device being dis- 
posed on the phosphor-converting substrate. 

20 



12. The light emitting diode (LED) device of claim 11, 
wherein the LED device is utilized for signaling pur- 
poses. 
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13. The light emitting diode (LED) device of claim 11, 
further comprising a diffusion screen for display pur- 
poses. 

14. The light emitting diode (LED) device of claim 11, 
wherein the substrate is transparent to the primary 
radiation, and wherein the LED device is mounted 
in a "flip-chip" mounting configuration within the re- 
flector cup. 



30 
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15. The light emitting diode (LED) device of claim 11, 
wherein the substrate is opaque to the primary ra- 
diation, and wherein the LED device is mounted in 
a "normal" mounting configuration within the reflec- 
tor cup. 



40 



16. The light emitting diode (LED) device of claim 3, 
wherein the phosphor converting element is an or- 
ganic luminescent dye, the reflector cup being filled 
with the dye to an extent that the substrate and the 
light emitting structure are substantially submerged 
in the dye. 
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17. The light emitting diode (LED) device of claim 16, 
wherein the LED device is utilized for signaling pur- 
poses. 



50 



18. The light emitting diode (LED) device of claim 16, 
wherein the LED device is utilized in conjunction 
with a diffusion screen for display purposes. 



55 



19. The light emitting diode (LED) device of claim 16, 
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